The Smart Grid requires the innovation of the traditional Demand-Side Management programs. Korea has first launched its demand response pilot programs in 2008 to tackle and improve classical load management programs. Over a couple of years since the first implementation of the demand response program, Korea demand response markets have been successfully established and operated. In this paper, the basic features of Korea demand response market design are provided with key market performances for the past a couple of years, and several implications for better implementations of demand response programs are also explored.
INTRODUCTION
To implement the Smart Grid efficiently, the integration of both supply-side and demand-side resources are required. In this context, the traditional Demand-Side Management (DSM) programs should be redesigned to an automated market-based mechanism. Also the responses from the demand-side resources should be reliable, fast, flexible and large enough to compete with the supply-side resources. (Vos, 2009 , Rahimi et al., 2010 DSM programs can be classified into Load Management (LM) type and Energy Efficiency (EE) type. Traditionally, the LM-type programs have been focused on in Korea. The history of Demand Side Management (DSM) in Korea started in 1974 with an inverted-tier rate program and since then, LM-type programs which aimed to improve the load factor were operated. In 1980s, EE-type programs were introduced. In 1990s, the system reserve rate has been dropped to the insecure level and the LM programs which can increase the system reserve capacity were introduced. In 2000, the electricity industries were reformed, the generation sector was divided into six companies and the wholesale electricity market was introduced. And the governance of DSM program was moved from Korea Electric Power Company (KEPCO) to the government. Before 2009, the most effective LM programs had been the summer vacation and maintenance adjustment program in which load shifted from the summer peak period to others and the self-reduction program in which customers reduce their loads voluntarily during the summer peak period. The peak reductions from the previous DSM programs are summarized in the There was a need to reform the LM scheme because the inefficient operation of this kind of programs which comes from their inflexibility and the lack of customer characteristic information in their design. In 2009, two the most popular LM programs, the summer vacation and maintenance adjustment program and the self-reduction program, two major programs were stopped and the designated period participation program and the one week-ahead-notice program were introduced. The currently running programs are summarized in the table2. Those programs are mostly incentive-based programs and there has been a need to implement a market-based real-time Demand Response (DR) program. Therefore the government started DR market pilot program in 2008. This market opens when load reductions are needed and participants bid their prices and load reduction level. This program can be used for both reliability purpose and peak reduction purpose, and its B/C ratio is known for between 2.4 and 2.7. Basically, this program are expected to be operated in summer program but in 2009, the severe weather conditions in winter season pushed the electricity heating demand up and the maximum electricity load occurred in the winter. Moreover some generators went into maintenance that the reserve rate was dropped to the dangerous level. Therefore the DR market program opened in winter. Also the increase of the use of Electric Heat Pump (EHP) is expected and it will increase the winter electric peak demand even higher. Therefore the government has a plan to transform the DR market program from a seasonal program to a whole-year program.
The procedure of the DR market and the results are explained in Chapter 2 and Chapter 3 respectively. Implications for the better implementation of the DR market program are suggested in Chapter 4.
DR MARKET PROGRAM

Definition
The DR market program is a kind of LM program and there are two kinds of them; one is Day-ahead(DA) market and the other is Hour-ahead(HA) market. 
Qualification
Customers that can reduce their loads more than 300kW are eligible to join the DR market. The customer that are participating other DR programs, i.e. designated period, oneweek-ahead notice, DLC or emergency program, also can sign up this program.
Bidding and Market Clearing
A customers bidding curve consists of several declining 30-minute blocks. A market clearing price is formed where two curves intersect. Contracted reduction amount are the sum of the size of the block whose prices are less than the Market Clearing Price. 
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Fig2. Market Bidding and Market Clearing
Evaluation
The actual reduction is calculated as the difference between the metered (monitored) electricity usage and the Customer Baseline (CBL).
Actual ReductionCBL -Metered Load =
The CBL is calculated based on the electricity usages in similar 10 days. Two days are excluded from the top and the bottom of the 10 days respectively. The usages of the remained six days are weight-averaged and used as a CBL. Actual Reduction cannot exceed 10 % of the Metered Reduction. 
Example
Let us suppose a customer bid for the five-hour reduction during 30 days and this customer is notified 15 hours of reduction during that period and actually reduces its load as planned as shown in table 5. 
5,000kW11.518won/kWh1Bidding price factor 1Delivery rate150 hours8,368,500 won
×× ××=
DR MARKET PROGRAM RESULTS
In the summer of 2008, DR market aimed to reduce the loads and to test the customer load characteristics. It was operated from July 22 to August 29. Effectively, a market opened during 3 days, from August 26 to August 29, for the hours from 1:30pm to 4pm. The average MCP was 1,204won/kWh and the planned reduction was 1,920MW and the actual reduction was 1,980MW, so the delivery rate was 103% and the customers were paid 1,138 million won.
In the winter of 2008, DR market aimed to reduce the loads and to test the customer load characteristics. It was operated from December 8 to December 19. Effectively, a market opened during 3 days, from December 16 to December 18, for three periods of a day from 10:00am to 12:00pm, from 5:00pm to7:00pm, and from 11:00pm to 12:00am. The average MCP was 916won/kWh and the planned reduction was 222MW and the actual reduction was 289MW, so the delivery rate was 130% and the customers were paid 2,248 million won. The results of 2009 are summarized in the Table 7 . 58 companies joined the DR market and the their business area are cement(63%), smelting(24%), petroleum chemical(9%) and etc. (4%). The output and revenue of cement industry are not affected much by a short break because of the silo that they can bid actively to the DR market. As mentioned at the previous section, most of the participants are industrial customers and among them the cement industry offered more than half of the reduction in 2009. This is because the other customers are not large customers and they are sensitive the interruption of electricity supply or have inflexible production schedules. Moreover, the DR market program requires a quick and secure response from the customers. To promote the participation of those kinds of customers, load aggregation business should be promoted to represent the benefits of small customers. And the SmartGrid technologies are the key enablers which can make the production process more flexible and deliver more accurate price information to the customers in real-time.
In the DR market rules, there are several methods to prevent the gamming of customers. Some customers bid to the DR market even they are not actually able to reduce their loads because they already reduce their loads in other programs but to get the capacity payment. ISO tries to prevent those customers from bidding to the market by adding conditions which can secure the availability but more sophisticated market designs are required.
Usually, the yearly peak occurs in summer but recent years there have been the increase of winter peak as large as the summer peak. This makes the operation of DR programs are needed regardless season. In this case, DR programs require a fast and secure response from the customers when it is called. Market-based programs fit for those requirements and would be cost effective if the responses are automated. Therefore the SmartGrid technologies play very important role to promote market-based programs
CONCLUSIONS
In this paper, the DR market program in Korea is introduced and several implications to promote the potential of DR programs are suggested. The experiences from the two-year operation of the DR market program shows the SmartGrid technologies will promote the secure and fast responding DR potential in a cost-effective way.
